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Recent works identified quantitative relationships in the
dynamics of bacterial taxonomic composition that are
consistent with known relationships in macroecological
systems. However, quantitative mechanisms that generate these
dynamics have not been fully characterized. Understanding
these mechanisms is important for answering long-standing
questions in quantitative ecology. Here we present a model that
accurately reproduces ecological dynamics in the human gut
microbiota. The model provides several key insights into the
origins of the variability of species abundances in ecology.

1. BACKGROUND

HE human gut microbiota consists of hundreds of
bacterial species, and bacterial composition varies
significantly between individuals [1], in terms of time [2-4],
and spatially within the gut [5]. We and others have
previously shown that the dynamics of the gut microbiota
are characterized by the same quantitative scaling laws as
those observed in ecology of plants and animals [6-7].
Although various mathematical models exist in ecology
that aim to explain the origins of individual scaling laws in
animal and plant species [8-9], the nature of these laws
remains an open area of research [9]. More recent models of
microbiota also stop short of reproducing all known
statistical scaling laws with the correct scaling coefficients
[10-11]. We believe that in order to gain meaningful insights
into open questions in mathematical ecology, such as the
relationship between biodiversity and stability [12], a model
that can capture all ecological scaling laws with accurate
coefficients is currently necessary.

II. RESULTS

We developed a generalized Lotka-Volterra model of gut
microbial dynamics, which was able to accurately reproduce
all considered scaling laws in microbiota. Our model
possesses several conceptually important features.

A. No environmental stochasticity

Environmental stochasticity is not required for
maintaining the necessary temporal dynamics on short time
scales. By implementing a model without external sources of
noise, we seek to assess whether deterministic chaos can
reproduce abundance profiles with low short-term
autocorrelation that have been observed in nature, without
assuming that environmental fluctuations or measurement
noise are the primary culprits of this behavior.
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B. Spatial heterogeneity

We incorporate spatial variability into the model, which
results in long-term stability. Explicit modeling of spatial
structure provides our analysis with an additional level of
interpretability, allowing comparisons with experimental
spatial microbiota measurements, such as DIVERS [5].

C. Carrying capacities and total load

Our model does not require predetermined fixed carrying
capacities for each species. Instead, the rank-abundance
population structure arises naturally as an emergent property
of the dynamic system. Finally, although measurements of
the ecological state of the system are performed on
normalized, compositional data, our model explicitly
accounts for variability in total abundances of all species.

III. CoNCLUSION

We present a model of microbiota that, for the first time,
is able to reproduce all considered ecological scaling laws
with accurate coefficients. The assumptions of the model,
and subsequent analyses, give several key insights into the
mathematical mechanisms required for generating realistic
ecological systems.
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